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Abstract 
 
 
     This research investigated the response of the dominant salt marsh 
macrophyte Spartina alterniflora var. Loisel to sedimentation from Hurricanes Gustav 
and Ike.   A range of sedimentation was used to track the above and belowground plant 
response, as well as the volume of mineral and organic matter, in the upper reaches of 
the marsh soil from September 2008 to April 2009.  Where storm sedimentation was 
greatest (~3.5 cm), there were significant increases in live aboveground biomass.  
Although live belowground biomass did not change significantly over time, the 
volumetric contribution of both mineral and soil organic matter in the shallow marsh soil 
increased.  These results indicate that hurricane sedimentation may benefit subsiding 
coastal marshes by stimulating aboveground vegetation mass as well as soil organic 
matter volume.  However, these results imply that there may be a sediment thickness 
threshold that must be met before such positive effects are expressed.     
  
   
 
Keywords: Spartina alterniflora, Hurricane sedimentation, biomass response, soil 
mineral and organic matter volume. 
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Chapter One: Introduction 
 
1.1 Background 
 Land loss rates in coastal Louisiana are temporally and spatially dynamic.  Total 
land loss for coastal Louisiana from 1956 to 2006 was 3,493.9 km2, while annual land-
loss rates peaked from 1956 to 1978 at 101.7 km2 yr-1 and declined to 25.91 km2 yr- 1 
from 1990 to 2000 (Barras, 2008).  The majority of land loss from 1985 to 2004 
occurred in the deltaic plain, while land building occurred at the delta margin (Barras, 
2008).  The factors that drive land loss across coastal Louisiana include subsidence, 
eustatic sea-level rise, canal and pipeline dredging through marshes and levee building 
(Day et al. 2007).   
 Present day coastal Louisiana was formed over the past ~7000 years by the 
Mississippi River, which, by depositing sediment across the landscape created 
overlapping deltaic lobes in the shallow near shore water of the Gulf of Mexico (Roberts, 
1997).   Historically the Mississippi River provided a source of freshwater, nutrients, 
sediments and organic matter to the wetlands adjacent to the river and its many 
distributaries via overbank flooding and river crevassing (Delaune et al., 1983; Hatton et 
al., 1983; Roberts, 1997, Day et al., 2000).  Construction of flood protection levees and 
river channelization structures along the lower Mississippi River in the 1920’s greatly 
reduced the riverine input onto much of the delta plain and limited new land building to 
local areas.  In addition, a combination of factors, including changes in land use and 
water management along the upper reaches of the Mississippi River watershed have 
greatly reduced the suspended sediment concentration in the river (Kesel, 1988).   
 In addition to a decline in Mississippi River sediment delivery, subsidence caused 
by both natural and anthropogenic processes has been cited as a major contributor to 
land loss across southeastern Louisiana (Törnqvist et al. 2006; Reed and Yuill, 2009).  
The physical processes that contribute to subsidence include: sediment compaction, 
tectonics, sediment loading, fluid withdrawal, glacial isostatic adjustment and surface 
water drainage and management (Reed and Yuill, 2009).  Shallow subsidence, or the 
process of sediment compaction and dewatering, is a natural characteristic of delta lobe 
abandonment and the result is negative land surface elevation change in relation to 
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local water levels (Reed and Cahoon, 1993).     
 Eustatic, or global sea level, has risen at a mean rate of 3.1 mm yr-1 since the early 
1990’s (Church, 2001).   Due to thermal expansion and the melting of land-based ice 
the United Nation’s Intergovernmental Panel on Climate Change predicted that climate 
change would cause sea levels to rise by between 1.8 mm and 5.9 mm this century 
alone (IPCC, 2007).  This would increase the rate of eustatic sea-level rise to an 
average of 4.4 mm yr-1 over the next century (Church, 2001).  Louisiana’s coastal 
marshes must build vertically in response to both eustatic sea-level rise as well as to 
keep pace with high local rates of subsidence.  Relative sea-level rise (RSLR) accounts 
for both eustatic sea-level rise as well as local land subsidence.  Tide gauge records 
indicate that rates of RSLR vary across Louisiana from less than 0.4 cm yr-1 in the 
Pontchartrain Basin to greater than 1cm yr-1 at locations within the Barataria Basin, the 
Terrebone Delta Plain as well as locations within the St. Bernard Delta Plain (Penland 
and Ramsey, 1990).    
 In regions where the subsidence rate is not adequately balanced by sediment 
accretion--where vertical land building does not keep pace with rise of local water 
levels--coastal marshes deteriorate or are submerged and lost (Baumann et al., 1984; 
Reed, 1995; Day et al., 2000).  Sediment delivery to the marsh surface is a critical 
component of marsh vertical accretion.   Sediment delivery to coastal Louisiana salt 
marshes occurs naturally via the net deposition of suspended sediment.  In this micro-
tidal environment sediments are imported and delivered via winter cold fronts and less 
frequent tropical storms and hurricanes (Baumann, 1980; Reed, 1989).  Tropical storms 
and hurricanes may impact coastal marshes via sediment erosion, sediment deposition, 
surface compaction, or via the tearing, folding and potential re-distribution of the marsh 
mat (Cahoon 2006).   Some estimates of the damage inflicted on the Gulf Coast states 
by Hurricane’s Katrina and Rita suggest that these two hurricanes may have contributed 
significantly to coastal land loss (Barras, 2008).   However, the potential recovery of a 
portion of the ~512.8 km2 of wetlands initially thought to be lost as a result of these 
hurricanes is still being monitored.   While the direct impacts of hurricanes may be 
construed as largely destructive, studies have shown that marsh response is variable 
and that most coastal marsh plant communities recover quickly from these disturbances 
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(Guntenspergen et al., 1995; Penland et al., 1989; Conner et al., 1989; McKee and 
Cherry 2009).   
 Hurricanes and tropical storms can act as both major erosional as well as major 
depositional events.  One positive impact of hurricanes on the coastal landscape is the 
impact on marsh vertical accretion through mineral sedimentation (McKee and Cherry 
2009).  The sedimentation process controls the function and the structure of coastal 
marshes: functionally, by providing plant nutrients (nitrogen, calcium, potassium, 
phosphorous) and soil regulators (iron and manganese) which precipitate toxic sulfides 
from salt marsh soils; and structurally, by contributing directly to vertical accretion 
(Hatton, 1983; Nyman et al., 1995).    
 
1.2   Accretion  
 Vertical accretion can be defined as the vertical dimension of marsh soil 
development (Reed and Cahoon, 1993).  In order to maintain a stable position in the 
intertidal zone, coastal marshes must build vertically in response to sea-level rise and 
subsidence.   This is achieved via the accumulation of organic matter as well as through 
mineral sedimentation.   Although the term vertical accretion has been used 
synonymously with sedimentation (Baumann et al., 1984; Nyman et al., 1990), to 
neglect the role organic matter accumulation plays in vertical soil formation is a gross 
oversight (Nyman et al., 1995).  Net vertical accretion is the sum of net deposition on 
the marsh surface (including mineral and organic material) and net belowground 
primary production.   Accretion rates are a result of dynamic biological and depositional 
processes, and the rates of these processes vary according to such factors as marsh 
hydrology, sediment availability, and plant community structure. 
 Sediment deposition is limited by the availability of suspended sediment and the 
opportunity for that sediment to be transported and delivered to the marsh surface by 
flooding (Reed, 1989; Reed, 1995).   High water events import local sediments and 
nutrients onto the marsh surface.  As water moves across the marsh surface standing 
vegetation and senesced organic matter baffle the flow, decreasing the velocity enough 
so that nutrient-rich sediments fall out of suspension.  Rates of sedimentation are 
highest near the sediment rich Atchafalaya River and lower in the Mississippi River 
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Delta (Mossa and Roberts, 1990; Reed and Cahoon, 1993).  Deposited sediments 
contribute to marsh elevation, and the corresponding nutrients contribute to both above 
and below ground plant productivity (Cahoon et al., 1999). 
 Organic matter accumulation in coastal Louisiana is primarily the product of net 
belowground (root and rhizome) productivity, and productivity varies in relation to 
numerous factors, including: local hydrology, salinity, and climate as well as soil nutrient 
content (Darby and Turner 2008a).  Darby and Turner (2008a) determined the mean 
annual productivity of a southeastern Louisiana Spartina alterniflora marsh was 1821 g 
m-2 aboveground and 11,676 g m-2 belowground.   Although the mean root and rhizome 
to shoot ratio (R&R/S) was determined to be 2.6, the ratio ranged from a low of 0.12 in 
mid-summer (July) to a high of 14.5 in early spring (March). This high R&R/S variability 
was driven to a large extent by turnover of belowground biomass, which occurs more 
rapidly than aboveground biomass (Darby and Turner, 2008a).  Reed and Cahoon 
(1992) found that belowground biomass in a Louisiana salt marsh negatively correlated 
with the frequency and duration of inundation and Darby and Turner (2008a) suggest 
that variations in salinity and climate in addition to water level are more important than 
soil fertility in regulating annual belowground productivity.  Although plant litter 
contributes less to organic matter accumulation than do roots and rhizomes, the 
potential role of senesced plant material in trapping and holding sediments on the 
marsh surface should not be discounted.  Rooth and Stevenson (2000) found that high 
amounts of dead Phragmites australis biomass contributed to accretion directly by 
accumulating on the marsh surface and indirectly by trapping mineral sediments in the 
interior marsh.   
 Hurricane storm surge can both deliver and redistribute large packages of 
sediment across the coastal landscape (Cahoon, 2006; Turner et al., 2006).  On 
average southeastern Louisiana is struck by a tropical storm once every three years 
and a hurricane once every 7-10 years (Keim et al., 2007; Doyle, 2009).  While the 
frequency of hurricane events affecting the Louisiana coast seems to have risen 
dramatically in recent years, the pattern of hurricane landfall follows a cyclical pattern 
that is consistent with the Atlantic multi-decadal oscillation (Keim et al., 2007).  Even so, 
debates over whether human induced climate change will increase the frequency and 
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intensity of large storms along the Gulf Coast persist (Michener et al., 1997; Field et al., 
2007).  The landward passage of storms provides enhanced opportunities for marsh 
edge erosion as well as sediment delivery to coastal marsh surfaces (Cahoon, 2006).  
As storms move landward, wind-driven storm surge mobilizes sediment both from local 
bay-bottoms as well as from within the marsh and transports the sediment in a landward 
direction.  A storm’s influence on local marshes depends upon storm characteristics 
such as: storm size, angle of approach, proximity to marsh, amount of rain, storm 
intensity and surge height as well as marsh condition at the time of storm passage 
(Cahoon, 2003).  Baumann et al. (1984) found that hurricane and tropical storm events 
delivered 36 percent of the total annual sedimentation, while winter storms accounted 
for the majority of the remaining sedimentation to coastal Louisiana marshes. The 
passage and landfall of Hurricane Andrew during the summer of 1992 distributed 
sediments ranging from 0-9 cm thick (averaging 4.5 cm) over Louisiana’s coastal 
marshes blanketing more than 50 km of the coastline east of the Hurricane’s eye wall 
(Nyman 1995). 
   
1.3   Vegetation  
      Salt marshes are maintained by a few dominant macrophytes which provide 
the biomass that contributes to organic matter accumulation and serves to trap mineral 
sediment imported by flood waters (Morris et al., 2002).  Spartina alterniflora is a 
dominant plant species along much of the coastal Louisiana shoreline.   S. alterniflora is 
an herbaceous, native, perennial grass that forms dense vegetative colonies along 
coastlines from Canada to the Gulf of Mexico.  This robust, rapid spreading plant is 
tolerant of both fluctuating water depths as well as a wide rage of salinities (0 to 35 ppt). 
It spreads primarily by vegetative propagation, producing new stems from an extensive 
system of underground rhizomes.  S. alterniflora is well known for its high aboveground 
primary productivity (Mendelssohn and Morris, 2000) while the evaluation of 
belowground productivity has frequently been overlooked (Valiela et al., 1976; Smith et 
al., 1979; Pomeroy and Wiegart, 1981; Giblin and Howarth, 1984).  Fifty to ninety 
percent of the annual production of S. alterniflora in eastern US salt marshes occurs 
belowground (Valiela et al. 1976; Smith et al. 1979).  The inundation of coastal marshes 
 
 
6 
caused by substrate subsidence and sea level rise may be detrimental to plant health 
(Mendelssohn and McKee, 1988; McKee and Mendelssohn, 1989).  Higher flood 
duration leads to anoxic sediment conditions (DeLaune et al., 1983; Mendelssohn and 
Kuhn 2003), resulting in the formation of phyto-toxic sulfides (Patrick and DeLaune, 
1972; Mendelssohn and McKee, 1988) and the inhibited growth and potential mortality 
of Spartina alterniflora (Mendelssohn and McKee, 1988; Koch and Mendelssohn, 1989).  
Anoxic conditions may lead to a root production declines which can then lead to an 
increase in the susceptibility of the substrate to erosion (Day et. al., 2001), 
decomposition (Day et al., 2001) and collapse (Nyman et al., 1993a; DeLaune et al., 
1994).  A study of New England salt marsh communities determined that current or 
slightly increased rates of sea level rise would result in a shift of the low-lying Spartina 
alterniflora community landward, while a significantly accelerated rise in sea level, 
predicted under some of the global climate change scenarios (Church, 2001), would 
likely result in anoxic soil conditions and the loss of many coastal marshes (Donnelly 
and Bertness, 2001).  
 Although hurricanes inflict a combination of high winds and waves, storm surge, 
excessive precipitation, and salt spray on coastal zones, few long-term effects have 
been noted for salt marsh communities.  While emergent macrophytes may be 
damaged, long-term loss of vegetation is seemingly more pronounced in managed or 
upland marshes where post-storm saltwater impoundment negatively impacts brackish 
and freshwater wetland species.  If impact on vegetation is minimal or recovery is quick 
then the input of mineral sediment may stimulate plant growth and in turn result in soil 
formation. 
 Numerous investigations into the effect of artificially supplying sediments to 
subsiding marshes have shown that sediment addition to coastal salt marshes positively 
affects S. alterniflora above ground biomass, plant density, and vigor (DeLaune et al., 
1990; Ford et al., 1999; Leonard et al., 2002; Mendelssohn & Kuhn, 2003; Slocum et al., 
2005; Croft et al., 2006).   Several mechanisms have been proposed that would 
describe these effects: the amelioration of soil stressors by increasing the availability of 
regulator species such as ferrous iron, increased soil aeration via elevation gain, and 
increased nutrient availability via the addition of nutrient enriched minerals (DeLaune et 
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al., 1990; Leonard et al. 2002; Mendelssohn & Kuhn 2003; and Slocum et al., 2005; 
Croft et al., 2006).  Artificial sediment enrichment has elicited immediate plant 
responses, which have been shown to persist for multiple growing seasons.  For 
example, DeLaune et al. (1990) applied two rounds of sediment to a deteriorating 
Spartina alterniflora marsh in southeastern Louisiana.  They tracked the response of S. 
alterniflora to sediment enrichment depths ranging from 4-6 cm and from 8-10 cm.  Just 
five months after the final application of sediment (applied in June 1987), total 
aboveground biomass was determined to be greater among enriched plots than within 
control (non-enriched) plots.   In addition the plots that received the greatest depth of 
sediments (8-10 cm) had the greatest total aboveground biomass.  In addition to 
eliciting rapid responses in salt marsh plants sedimentation may have long-term positive 
impacts.  Mendelssohn and Kuhn (2003) tracked responses of salt marsh plants to a 
sediment slurry spill that occurred in a S. alterniflora dominated southeastern Louisiana 
salt marsh in January of 1992.  Plant responses (including stem density and stem 
height) were tracked over two full growing seasons (1993-1994).  Both stem height and 
stem density and were determined to be positively affected by the sediment addition.  
Slocum et al. (2005) tracked the response of this marsh seven years post-deposition 
and found that three years post-deposition nutrient-stimulated plant growth had faded 
yet, in areas where sediment depth was moderate (5-12 cm) there were positive effects 
(greater stem density) still expressed.   Thus, it seems that Spartina alterniflora 
responds rapidly to sediment enrichment and if sediment deposition is sufficiently deep 
that the benefits of enrichment may be expressed in salt marsh plants for numerous 
growing seasons.    
 
1.4 Research Needs 
 It is well established that much of Louisiana’s coastal marsh habitat is at risk due 
to high rates of subsidence and relative sea-level rise.  Although loss of riverine input 
can negatively affect the availability of both fresh water and sediments, Louisiana’s 
coastal salt marshes accrue most of their inorganic sediments from storms (Baumann, 
1984; Reed, 1989; Turner, 2006).  Although sedimentation is an important component 
of marsh vertical accretion, there is some argument as to the degree to which 
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sedimentation controls marsh accretion and marsh stability across the coast of 
Louisiana (Nyman, 2006).  While numerous restoration-driven studies (DeLaune et al., 
1990; Ford et al., 1999; Leonard et al., 2002; Mendelssohn & Kuhn, 2003; Slocum et al., 
2005; Croft et al., 2006; Ray, 2007) have described the positive impacts that sediment 
enrichment can have on marsh primary productivity (including increased stem height, 
stem density, and increased leaf area), what remains to be determined is how 
Louisiana’s salt marsh plants respond to storm sedimentation.   Thus the goal of this 
research project was to determine the biotic response of Louisiana’s coastal salt 
marshes to storm sedimentation. 
 
1.5 Hypotheses 
 The thickness of sediment deposited on coastal marshes associated with the 
passage of Hurricanes Gustav and Ike are likely to have affected a large portion of the 
Louisiana coastline and with high spatial variability.  The storms made landfall 
approximately 580 kilometers apart from one another.  Though both storms were rated 
as Category 2 storms on the Saffir-Simpson scale, this scale is not a particularly good 
indicator of sedimentation, since it is surge height not wind speed which drives 
sedimentation.  Although surge height is related to wind speed, storm size and proximity 
to an area may be a better indicator of surge height than wind speed alone (Irish et. al. 
2008).  Water levels in the Gulf of Mexico were elevated for a longer period before the 
landfall of Hurricane Ike than they were for Hurricane Gustav.  Hurricane Ike was a 
much bigger storm than Gustav.  Ike affected a region 386 km out from its eye wall with 
tropical force winds while Gustav’s tropical force wind field was nearly half the size at 
200 km.  With the understanding that storm size plays an important role in surge 
generation (Irish et al. 2008; Stone et al. 1997) I expect that Hurricane Ike delivered a 
greater depth of sediment to the marshes of coastal Louisiana than did Gustav. 
Hypothesis 1: Hurricane Ike delivered a greater depth of sediment (mm) to Louisiana’s 
coastal marshes than Hurricane Gustav.   
Null Hypothesis1: Hurricanes Gustav and Ike delivered equal depths of sediment (mm) 
to Louisiana’s coastal marshes. 
 It is well established that sedimentation positively impacts marsh productivity.  It is 
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possible then that an influx of mineral sediment deposited by a hurricane onto 
Louisiana’s coastal salt marshes will stimulate above ground plant growth resulting in an 
increase in stem density and standing biomass.   
Hypothesis 2: Hurricane-induced sediment will stimulate aboveground plant growth 
resulting in an increase in stem density and standing biomass. 
Null Hypothesis 2: Hurricane induced sediment has no effect on aboveground plant 
growth, stem density, or standing biomass.  
 Marsh plants appear to put more energy into root production under unfavorable 
soil conditions (Mitch and Gosselink, 2007).  Therefore, if storm sediments from 
hurricanes provide a more favorable growing environment, whether through the import 
of plant nutrients or soil toxicity regulators, these more favorable growing conditions will 
allow plants to allocate more energy into growth of above ground tissue as opposed to 
belowground roots and rhizomes. 
Hypothesis 3: Hurricane-induced sediment deposition will negatively effect belowground 
biomass.   
Null Hypothesis 3: Hurricane induced sediment deposition will not effect belowground 
biomass.  
 Generally plants respond to nutrient limitation via compensatory changes such as 
stimulated root absorption capacity for limiting nutrients, increased root-to-shoot ratio, or 
decreased photosynthetic output (Chapin et al., 1986).  Good et al. (1982) found that 
Spartina alterniflora root/shoot ratios often decrease when plants are fertilized with 
nitrogen.  Following this logic, if storm sedimentation provides valuable plant nutrients 
and a relatively more favorable soil environment, then it could be anticipated that plants 
will allocate more of their energy into growth of above ground tissue.   Thus hurricane 
induced sedimentation will have a positive effect on aboveground biomass, a negative 
effect on below ground biomass, and ultimately I expect to see the root/shoot ratios 
decrease in marshes that are affected by hurricane sedimentation.  
 Hypothesis 4: Hurricane-induced sediment deposition decreases root/shoot ratios. 
Null Hypothesis 4: Hurricane-induced sediment deposition will not affect root/shoot 
ratios.  
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 The goal of my final hypothesis is to determine if a relationship exists between 
the sediment deposited on the marsh surface and the volumetric contribution of root and 
rhizomes within the upper layers of the rhizosphere.  I expect that sediment deposition 
will decrease both the mass (see Hypothesis 2) and the volume of belowground 
biomass.   In order to determine whether this is the case, I will obtain measurements of 
sediment deposition, belowground productivity and root and rhizome specific gravity 
and I will track changes over time.  Although a few studies (McKee and Cherry 2009; 
Turner et al., 2007; Ford et. al 1999) have focused on the relative weight of soil organic 
matter they have neglected to account for the volumetric contribution of the roots.   If 
marsh accretion is a measurement of vertical elevation, then it follows logic that one 
should determine not only the mass of belowground material, but also the volumetric 
contribution of these organic materials to the soil matrix.   
Hypothesis 5: Hurricane-induced sediment deposition will decrease the volumetric 
contribution of roots and rhizomes to marsh soils. 
Null Hypothesis 5: Hurricane-induced sediment deposition will not effect the volumetric 
contribution of roots and rhizomes to marsh soils.   
Figure 3.1 summarizes the hypothesized salt marsh response to hurricane 
sedimentation.  
 
 
Figure 1.1 Conceptual diagram of hypothesized salt marsh response to hurricane sedimentation. 
 
 
 
 
 
11 
Chapter Two: Methodology 
 
2.1 Hurricanes 
  Hurricane Gustav entered the Gulf of Mexico, passing well southwest of the 
Florida Keys, on August 30-31, 2008.  Gustav moved with a forward speed of 17 
mph (15 knots) and made landfall on September 1st, 2008 near Cocodrie, Louisiana, 
two days after entering Gulf waters (Figure 2.1).  Gustav had maximum sustained 
winds of 110 mph (95 knots).  Hurricane force winds extended 96 km outward from 
the eye of the storm while tropical storm force winds impacted a 200 km radius.  As 
Gustav approached the gulf coast, water levels rose from western Florida to eastern 
Louisiana (Figure 2.2) and fell from western Louisiana to Texas.  
  Less than two weeks after the landfall of Hurricane Gustav, Hurricane Ike 
entered the Gulf of Mexico on September 9th after passing over San Cristobal, Cuba.  
Ike passed slowly through the Gulf of Mexico making landfall over the northern end 
of Galveston Island, Texas on September 13, 2008 (Figure 2.2).  Ike brought 
maximum sustained winds of 108 mph (94.5 knots) and as this storm made landfall 
over Texas its hurricane force winds extended 177 km outward from its eye wall.  
Hurricane Ike was a much larger storm than Gustav, impacting more than twice the 
area as Gustav with tropical storm force winds reaching 386 km from the storm’s 
eye, compared to Gustav’s 200 km.   Ike moved across the Gulf of Mexico at a rate 
of 13 mph (11 knots).  As a result of its size and slow rate of movement across the 
Gulf of Mexico, water levels were elevated from western Florida to eastern Texas 
(Figure 2.2). 
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Figure 2.1 Track of Hurricanes Gustav and Ike relative to study sites. 
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A) Cocodrie 
    
B) Old Oyster Bayou 
  
C) Blind Lagoon  
   
Figure 2.2 Hourly water levels in meters above mean sea level. Cocodrie data obtained from 
Louisiana University Marine Consortium weather station, located ~0.5 km from site; Old Oyster Bayou 
data obtained from Louisiana Department of Natural Resources Coastal Reference and Monitoring 
station #322, located ~4 km from site;  Blind Lagoon data obtained from National Oceanic and 
Atmospheric Association Shell Beach station #876105, located ~22 km from site.   
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2.2 Study Sites 
 Study sites were selected based primarily on expected differences in depth of 
hurricane (Gustav and Ike) sedimentation and similarities in vegetation composition.  
Three sites were established within the Mississippi River delta plain along the 
southeastern coast of Louisiana.  All sites were comprised of monotypic stands of 
Spartina alterniflora.  From west to east the sites are Old Oyster Bayou (OB), Cocodrie 
(CO), and Blind Lagoon (BL).  Figure 2.3 identifies these three sites while Table 2.1 
highlights key similarities and differences amongst sites, based on previous studies. 
 
    
Figure 2.3 Location of study sites. 
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The two western most sites, Old Oyster Bayou (OB) and Cocodrie (CO), lie within the 
Terrebone basin in the Lafourche deltaic complex.  Reported rates of subsidence in this 
region vary widely from ~0.7cm/yr (Boesch et al., 1983) to as much as 1.22 cm/yr 
(Penland et al., 1988).  Rates of RSLR for the Terrebone basin region have been 
approximated at 1.09 cm yr—1 (Penland and Ramsey, 1990).  The marsh at Old Oyster 
Bayou receives riverine input from the Atchafalaya River and according to Cahoon and 
others (1995) this marsh has not undergone any break up, though land loss rates in this 
region were estimated at 9.4 sq. mi yr-1 between 1978 and 2000 (Barras et al., 2003).  
Sampling at Old Oyster Bayou was located within the inland Marsh off of the southern 
bank of Old Oyster Bayou.   The Cocodrie site is located just west of the Louisiana 
Universities Marine Consortium (LUMCON) laboratory.  This marsh is located east of 
the Houma Navigation canal, which provides the region with freshwater input in the 
spring.  Sampling at the Cocodrie site was located within the inland marsh, at two sites 
located on the north (site one) and south (site two) sides of a Bayou (Figure 2.4).   
 Finally, the eastern most site is located within the Breton Sound, in St. Bernard 
Parish, just south of Blind Lagoon (BL), in the Biloxi marsh.  This region is part of the St. 
Bernard delta complex, which is more stable than the Terrebone coastal region.  Rates 
of RSLR are estimated to range from 0.36 to .45 cm yr--1 (Penland and Ramsey 1990), 
while land loss rates were estimated at 4.5 sq. mi yr-1 from 1978 to 2000.  Sampling at 
this site was located within the inland marsh off the southern bank of Bayou LaLoutre. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1 Regional characteristics of study sites.  
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2.3 Experimental Design 
 Sampling plots were established along a shore parallel transect and were located 
in the inner marsh so as to minimize marsh edge effects.   Streamside stands of 
Spartina alterniflora tend to be taller than those found inland (Mendelssohn and Morris 
2000).  Visual assessment of stand height allowed establishment of a transect that was 
within the inner marsh zone approximately 10 meters from the shoreline.  A single five-
meter long, 1 meter wide plot was established at both Old Oyster Bayou (OB) and Blind 
Lagoon (BL) during each sampling session, whereas at the Cocodrie (CO) site two (5 
mx1m) plots were established each sampling session, one adjacent to each of initially 
established feldspar marker horizons (Figure 2.4).  Within each of these plots five 0.5 
m2 subplots were established (Figure 2.5).  Each 0.5 m2 subplot was divided in half.   
One half of each plot was destructively sampled (i.e. vegetation was clipped and cores 
were taken) and the other half was utilized to obtain non-destructive observations (i.e. 
stems counted and height of stems determined).  Sampling was performed at CO and 
BL during three intervals: Fall 2008 (September/October), Winter 2008 (January), and 
Spring 2009 (April).  Whereas sampling was performed at the OB site during two 
sampling sessions: Fall 2008 (October) and Spring 2009 (April).   
 
  
Figure 2.4 Location of Cocodrie plots.  Three feldspar marker horizons were established within each plot.   
 
Plot 2 Plot 1 
 
 
17 
 
 
 
Figure 2.5 Map view of plot design.   
 
 
2.4 Field and Lab Methods 
  
2.4.1 Identification and Analysis of Hurricane Gustav and Ike Sediments 
On August 25, 2008, one week before the landfall of Hurricane Gustav, two 0.5 
m2 feldspar marker horizons were established at the Cocodrie (CO) site.  The horizons 
were established within the inner marsh on opposite banks of a bayou equidistant 
(~10m) from the marsh edge (Figure 2.5). Feldspar marker horizons are distinct white 
soil horizons which, when layered on top of marsh surface, allow for subsequent 
measurements of short term accretion events.  Success of this method relies on the 
collection of cores from feldspar plots that have measureable white horizons below 
recently accreted material (Figure 2.6).  Hurricane Gustav sediment deposition, 
measured as sediment thickness above each marker horizon, was sampled via 
cryogenic coring (methods detailed by Cahoon and Turner 1989) on top of the two 
marker horizons on September 9, 2008, eight days after the landfall of Hurricane 
Gustav.  At this time two additional 0.5 m2 feldspar marker horizons were established on 
each side of the bayou adjacent to the previously installed horizons.  Thus two marker 
horizons were established prior to Gustav, and four were established post-Gustav but 
prior to the landfall of Hurricane Ike.  By establishing marker horizons prior to the 
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landfall of Hurricane Gustav and Ike, I was able to measure storm deposition as 
individual events as well as cumulatively.  Although attempts were made to measure 
accretion just ten days after the landfall of Hurricane Ike, the newly deposited sediment 
layer was much too fluid to allow accurate measurements of accretion.  Deposition 
above five of the six marker horizons was sampled (one marker horizon was 
undetectable) in November 2008 via coring through with a 50 cm long Russian peat 
corer.  These data was used to quantify the thickness (mm) of sediment deposited by 
each Hurricane.   
 Five additional Russian peat cores (50 cm in length) were taken from each of the 
three sites (OB, CO, BL) during these initial sampling events.  The hurricane layer, if 
visually distinguishable, was measured with a ruler (mm) and separated from the rest of 
the core in the field.  Hurricane sediment was identifiable as a horizon that lacked roots 
relative to the deeper soil and was often a slightly different color than the pre-existing 
sediments.  This data was used to determine the depth of sediment deposited by the 
two Hurricanes combined at each site.   
 At the Blind Lagoon (BL) site, hurricane sediment was not visually identifiable 
from these multiple peat cores.  Fortunately, six surface elevation tables (SET) that 
were established for a different project were positioned ~300 m northeast of this site.  
The Surface Elevation Table method was developed by Boumans and Day (1993) and 
improved by Cahoon et al. (2002). The SET utilizes nine pins on a precise leveling arm, 
lowered to the marsh surface.  Each pin is measured in millimeters from the base of the 
plate to the top of each pin.  The pins are employed in four directions and each direction 
is considered a replicate (n=36 per SET).  Elevation change is quantified by calculating 
changes in the pin measurements over time.  Repeated measurements of marsh 
elevation with the SET reveal trends in marsh elevation dynamics.  Measurements of 
marsh elevation near the BL site had last been taken at these SETs on June 6, 2008 
providing a pre-Hurricane marsh elevation.  Marsh elevation measurements taken on 
these six SETs were repeated on November 11, 2008, allowing us to bracket the 
hurricane events between these two SET sampling dates.  Therefore any elevation 
change occurring in this area from June 6, 2008 to November 11, 2008 will be captured 
in the SET measurements (n=206; 9 pins utilized in four directions* 6 SET’s). 
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Figure 2.6 Russian peat core showing hurricane sedimentation above feldspar at Cocodrie (CO) site. A 
5.0 cm long AA battery is shown for scale.  
 
 
2.4.2 Collection and Analysis of Aboveground Biomass 
On September 9, 2008 (post-Gustav), ~5 m long shore parallel plots were 
established adjacent to the feldspar marker horizons at the Cocodrie (CO) site (as 
depicted in Figure 2.5).  Plant above ground biomass was sampled by clipping all stems 
above the marsh surface in 0.25 m2 destructive subplots.  Stem density and stem height 
(mm) were measured in adjoining 0.25 m2 non-destructive subplots.  On September 25, 
2008, (post-Ike) an additional five meter long plot was established and sampled along 
each of these two transects at CO.   On October 17, 2008, a 5 m long plot containing 
five replicate 0.25 m2 destructive subplots and five replicate 0.25 m2 non-destructive 
subplots was established ~10m inland from the marsh edge near Old Oyster Bayou 
(OB).  On October 24, 2008, a 5 m long plot five replicate 0.25 m2 destructive and five 
replicate 0.25 m2 non-destructive plots were established ~10 m inland from the marsh 
edge near Blind Lagoon (BL).   All plant samples were transported to the University of 
New Orleans Coastal Geomorphology Lab where they were separated into live and 
dead biomass and dried at 60° for up to 172 hours.  Standing dry biomass was obtained 
by subtracting the bag weight from the total weight. Units were converted to obtain a 
feldspar
e 
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measurement for aboveground live and dead biomass in g m-2.  Stem density was 
converted to number of stems m-2.  Winter vegetation sampling was repeated as 
described at CO and BL (n=5) in January 2009, and spring sampling was completed at 
each of the three sites (CO, BL, OB) in April 2009. 
 
2.4.3 Collection and Analysis of Belowground Biomass  
Plant belowground ground biomass was sampled with 3” diameter 40 cm long 
sharpened aluminum tube cores, as described by Reed and Cahoon (1992).  The 
sharpened end of the aluminum tube is placed on the marsh surface, and the tube is 
simultaneously rotated and pressed into the soil.  Once the tube has reached the 
desired depth of approximately 20 cm below the marsh surface the tube is capped and 
is extracted at a slight angle until the bottom of the tube can be capped and transported 
(Figure 2.7a).  Five replicate cores were taken on the destructive vegetation plots after 
all vegetation was clipped at the marsh surface.  Initial samples were obtained from the 
each of the three sites (OB, BL, CO) in Fall 2008 (October), from CO and BL in Winter 
2009 (January), and finally from each of the three sites (OB, BL, CO) in Spring 2009 
(April).  Difficultly arose in obtaining the five replicate tube cores at the BL site, and, as a 
result, piston-type Hargis cores were taken from BL according to methods of Hargis and 
Twilley (1984).  Hargis cores were extruded in the field where the top 20 cm of the core 
was removed and placed into a labeled bag.  These cores were kept cool until they 
were delivered to the lab where they were placed into the refrigerator until they could be 
processed. Tube cores were transported in a vertical position, back to the University of 
New Orleans Coastal Geomorphology Laboratory where they were stored vertically in a 
refrigerator until they could be extruded and processed.  Soil was extruded from the 
aluminum tubes via a fitted plunger (Figure 2.7b).  Both aluminum tube core soil and 
Hargis core soil was processed via the following methods.  The top 20 cm of the soil 
was placed into a fine mesh sieve where the soil was then washed away from root and 
rhizomes under running water.  Live roots and rhizomes were segregated from dead 
material under running water for better separation (live roots and rhizomes are white 
and turgid, dead materials are dark and flaccid).   Rinsed, segregated (live and dead) 
biomass was placed into labeled paper bags and moved into a 60° oven where it was 
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dried to a constant weight.  Bag weight was subtracted from vegetation weight, and 
units for both live and dead biomass were converted to g m-2.   
 
a)      b) 
 
Figure 2.7a) Tube core extraction from Old Oyster Bayou site, fall 2008. b) Extruded soil core,  
showing unconsolidated hurricane sediment on the right. 
 
 2.4.4 Collection and Analysis of Soil Cores 
 
2.4.4.1 Percent Soil Organic Matter and Bulk Density 
  A 50 cm Russian peat corer was used to obtain two soil cores from each of 
five destructive subplots at the Cocodrie site only (n=10).  Cores were transferred while 
in the field from the coring device into pre-labeled plastic tubes, which were capped and 
transported in the horizontal position back to the University of New Orleans.  Once at 
the Coastal Geomorphology Laboratory the soil cores were sliced into 2 cm and 5 cm 
sections.  Visually identifiable hurricane layers were removed from the top of the cores 
and the remainder of the top 10 cm of soil was cut into 2 cm vertical increments.  The 
remaining 40 cm of soil was sliced into 5cm sections.  Bulk density was determined 
from the weight of oven dried (60°C) soil layer and the calculated volume of the layers 
prior to drying.  Organic matter percentage was determined via loss on ignition 
(according to Heiri et al. 2001).   Soil layers were individually ground by hand with a 
mortar.  Ground samples were placed into pre-weighed, pre-labeled crucibles and dried 
for four hours in a 60°C drying oven to ensure that any moisture accumulated during the 
grinding process was expelled.  Soil layers were then placed into a 400° furnace for 16 
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hours.  Once cool, the post combustion weight of each sample was recorded.  The 
percentage of organic matter in each soil sample was determined via the following 
equation: 
 
Equation 2.1:   % Organic Matter = ((Dry weight of sample before combustion – weight of 
sample after combustion) / dry weight before combustion) * 100  
 
 2.3.4.2 Specific gravity and volume contribution of mineral and organic matter 
 Five additional soil cores were obtained from the destructive vegetation plots at 
the Cocodrie site with a Russian peat corer. This coring device is 50 cm long and holds 
500 cm3 of soil.   Cores were kept cool until transferred to the lab.  The top 5 cm of soil 
was separated from the remainder of the core and the shallow 5 cm section was used 
for root specific gravity analysis.   Soil was carefully washed from the root and rhizome 
material over a fine mesh sieve.  A light stream of water was used to ensure that water 
pressure did not damage the roots.  Roots and rhizomes were segregated into live and 
dead material.   Live roots and rhizomes (live roots and rhizomes are white and turgid, 
dead materials are dark and flaccid) were lightly patted dry and the specific gravity of 
the live root and rhizomes were obtained via pycnometer, a glass flask of standardized 
volume with a glass stopper ensuring accurate volume measurement, according to the 
method described by Burdick (1989). 
  To determine the specific gravity of a substance, a 25 ml pycnometer was filled 
with deionized water and weighed.  Using water, which has a known density of 1 g cm-3, 
simplifies calculations.  A sample of live roots (weighing between 0.1 and 0.3 g) was 
then placed in the water-filled pycnometer displacing a certain volume of water.  The 
pycnometer + water and roots was then reweighed. Volume remains constant and 
cancels out of the calculation. Knowing the two mass values and the density of water 
allows for the determination of the density of the unknown, in this case the roots. The 
unknown specific gravity can then be calculated from the ratio of these two densities.  
 
 Equation 2.2:  SG =  ρr / ρwater  =  mr / (Vr * ρwater)  
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Where, SG is the specific gravity of the live roots, ρs is the density of the live roots, ms is 
the mass of live roots, Vr is the volume the roots and ρwater is the density of water. 
   The volumetric contribution of roots and rhizomes is determined by dividing the 
mean mass of organic matter (g) within the top 5 cm of soil (obtained in section 2.3.4.1; 
n=10 per sampling season) by the mean density of the roots (g cm-3), obtained via the 
pycnometer (n=5 per sampling season). 
 
2.5 Statistical Analysis 
 
      Sedimentation above feldspar marker horizons and marsh soil properties 
including soil bulk density (g cm-3), soil organic matter (% by weight) and organic matter 
volume (cm3) were tested at the CO site only and significant changes in these 
parameters from Fall 2008 to Spring 2009 were analyzed using one-way analysis of 
variance (ANOVA) with a 95% confidence interval.   Aboveground (live, dead and total) 
biomass (g m-2), belowground (live, dead and total) biomass (g m-2) and root and 
rhizome/shoot ratios were averaged within each site for each sampling period.  It was 
determined that Cocodrie plot one and Cocodrie plot two (Figure 2.4) did not differ 
significantly from one another, therefore observations from these two sites were 
grouped and averaged as a single CO site.  Fall 2008 served as the baseline sampling 
period at all sites, in Winter 2008 data was collected from CO and BL only, and in 
Spring 2009 all sites were sampled.  These factors were tested for significant 
differences both within and among sites, using analysis of variance (ANOVA) with a 
95% confidence interval (α = 0.05).  Unless otherwise stated, results are reported here 
as (mean change ± 1 standard error), (p value).  Mean change was calculated as the 
difference between Spring (April) 2009 values and Fall 2008 (September/October) 
values.  All belowground biomass data was log-transformed to equalize variance prior to 
analysis; however, original values are reported here.  
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      Chapter Three: Results 
 
3.1 Hurricane Sedimentation 
 The three study sites (CO, OB, BL) were established based upon expected 
differences in hurricane sedimentation.  Combined hurricane (Gustav + Ike) deposition 
was determined at both CO (n=3) and OB (n=4) by measuring (mm) with a ruler the 
hurricane soil horizon that was visually distinguishable (as a dark horizon lacking roots) 
from pre-existing sediments.  Sedimentation at BL was determined using six sediment 
elevation tables (SETs) located approximately 300 meters northeast of the BL site.  The 
change in marsh surface elevation at Blind Lagoon was determined (n=216) as the 
change in elevation between June 4, 2008 and November 11, 2008 (Figure 3.1).  
Although there was not enough data to analyze sedimentation at CO and OB 
statistically, the increase in elevation at Blind Lagoon between June 4th and November 
11th was determined to be statistically significant (8.74 ± 2.35 mm), (p=5.41E-07). 
 
 
 
Figure 3.1 Mean depth of total hurricane (Gustav + Ike) sedimentation at CO (mm; n=3) and OB 
(mm; n=4).  BL data represents mean change in elevation (mm; n=216) from 6/4/08-11/11/08, 
(p=5.41E-07). 
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 Sediment deposition of individual hurricane events was obtained at the CO site as 
deposition (mm) above feldspar marker horizon (Figure 3.2).  Sedimentation above 
feldspar marker horizons at CO was assessed by one-way ANOVA with hurricane event 
as the grouping factor.  There was significantly more sediment deposited at Cocodrie by 
Hurricane Ike (25.50 ± 1.80 mm) than was deposited at Cocodrie by Hurricane Gustav 
(18.43 ± 1.46 mm), (P=0.0072). 
  
H1 Hypothesis 
 Hypothesis one (H1) stated: Hurricane Ike delivered a greater depth of sediment 
(mm) to Louisiana’s coastal marshes than Hurricane Gustav; these results allow me to 
reject Null hypothesis 1 (p=0.0072).  Hurricane Ike did indeed deposit a greater depth of 
sediment to the coastal marsh at Cocodrie than Hurricane Gustav.   
 
 
Figure 3.2 Hurricane sedimentation at CO depicted as mean ± 1 Std. error.   Hurricane Gustav 
measurements were taken September 9, 2008 (n=6).  Hurricane Ike measurements were taken 
September 25, 2008 (n=9).  Different letters indicate significant difference of means, ANOVA, α=0.05: 
minimum confidence interval.  
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3.2. Vegetative Response 
   
 3.2.1. Aboveground Biomass 
Live Aboveground Biomass 
  Live aboveground (LAG) biomass (g m-2) did not differ significantly among 
sites during the initial Fall 2008 sampling period, however, by Spring 2009 
measurements of live aboveground biomass revealed significant changes over time 
(Figure 3.3).  Significant changes in LAG biomass from Fall 2008 to Spring 2009 
included: a significant increase in at CO (+573.83 ± 102.04 g m-2), (p=0.0002); a 
significant decrease at OB (-544.93 ± 80.39 g m-2), (p=0.001); and no significant change 
at BL (+29.12 ± 14.56 g m-2). 
 
Figure 3.3 Live aboveground biomass (g m-2); depicted as mean ± 1 Std. error.  Different letters indicate 
significant difference of means; ANOVA, α=0.05: minimum confidence interval. 
   
 
Dead Aboveground Biomass  
 Baseline data indicated that dead aboveground (DAG) biomass (g m-2) differed 
significantly among sites in the Fall of 2008 (p= 2.13508E-07), (Figure 3.4). CO had on 
average 48% less DAG biomass than OB and 59% less DAG biomass than BL during 
this baseline sampling period.   Changes in dead aboveground biomass from the fall 
sampling period to spring include significant increases at the CO site (1681.35 ± 190.16 
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g m -2), (p= 3.1222E-07) and significant declines at the BL site (-740.48 ± 251.82 g m-2), 
(p= 0.004).  The amount of DAG biomass did not change significantly at OB over time.   
 
Figure 3.4 Dead aboveground biomass (g m
-2
), depicted as mean ± 1 Std. error.  Different letters indicate 
significant difference of means; ANOVA, α=0.05: minimum confidence interval. 
 
Total Aboveground Biomass 
 Analysis of total (live +dead) aboveground (TAG) biomass indicated that in Fall 
2008 CO had significantly less TAG biomass than either OB or BL, (P=0.0035).  At CO 
there was a significant increase in TAG biomass over time where the mean change  
from Fall 2008 to Spring 2009 was 2255.17 ± 302 g m-2, (p=9.E-07).  Although TAG 
biomass appeared to decline over time at both OB and BL, the decrease was not 
statistically significant at OB but was statistically significant at BL where the net change 
at BL was -711.36 ± 296.21 g m-2, (p=0.01).  Figure 3.5 illustrates changes in total, live 
and dead aboveground biomass (g m -2).    
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Figure 3.5 Mean aboveground biomass change (Fall 2008 to Spring 2009), presented as total 
aboveground (TAG), live aboveground (LAG) and dead aboveground (DAG) biomass.  (Different letters 
indicate significant difference of means; ANOVA, α=0.05: minimum confidence interval). 
 
 
Stem Density 
 Baseline measurements showed that BL had a significantly denser canopy than 
both CO and OB in Fall 2008.   There were significant increases in stem density (# 
stems m-2) at both CO and BL over time (Figure 3.6).  There was a 39% increase in the 
number of stems at CO (334.93 ± 119.18 stems m-2), (p=4.70E-05) and a 49% increase 
at BL (630.40±192.04 stems m-2), (p=2.54E-06).   Changes in stem density at the OB 
site were not statistically significant (Table 3.1) 
 
Table 3.1 Average stem density (# stems m
-2
); (mean ± 1 Std. error, n=5).  (Different letters indicate 
significant difference of means; ANOVA, α=0.05: minimum confidence interval). 
Stem Density (# stems m-2) 
Site Fall  Winter Spring 
Cocodrie 522.7 ± 20a 899.2 ± 13.8c 857.6 ± 52c 
Old Oyster Bayou 518.4 ± 55a   688.0 ± 55ab 
Blind Lagoon 652.8 ± 62b 1152.0 ± 24d 1283.2 ± 53e 
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Figure 3.6 Stem density change (# stems m 
-2
) by site Fall 2008-Spring 2009. 
 
 
Stem Height  
 According to baseline measurements stem height differed significantly among sites 
(p= 1.83E-05).  Although mean stem heights decreased significantly over time, these 
declines in height were not equal among sites (Figure 3.7) and stem heights remained 
significantly different among sites in Spring 2008 (p= 1.82E-05), (Table 3.2).  Fall to 
spring changes in stem height were: CO (-133.62 ± 62.51 mm), (p=0.010); OB (-158.56 
± 79.28 mm), (p=1.92E-13); BL (-63.02 ± 23.48 mm) (p=0.01).   
 
Table 3.2 Average stem height (mm); (mean ± 1 Std. error, n=5). (Different letters indicate significant 
difference of means; ANOVA, α=0.05: minimum confidence interval). 
Stem height (mm) 
Site Fall  Winter Spring 
Cocodrie 662.0 ± 13f 448.0 ± 17c 609.1 ± 12e 
Old Oyster Bayou 516.4 ± 16d   357.9 ± 14b 
Blind Lagoon 363.9 ± 26b 287.9 ± 9a 300.9 ± 6a 
a 
c 
b 
 
 
30 
 
 
Figure 3.7 Mean change in Spartina alterniflora stem height (mm), (±1SE) from Fall 2008 to Spring 2009. 
 
H2 Hypothesis 
 My second hypothesis (H2) stated: An influx of mineral sediment deposited onto 
Louisiana’s coastal salt marshes by Hurricanes Gustav and Ike will stimulate above 
ground plant growth resulting in an increase in stem density and aboveground biomass.   
Significant increases in both live (p=0.0002) and total aboveground biomass (p=8.54E-
07 g m -2) at Cocodrie (CO), where sedimentation was the thickest (35.33 ±12.00 mm), 
support this hypothesis.  However, changes in stem density (stems m-2) among sites did 
not support the expectation of a sediment-stimulated increase in stem density.   Thus, I 
reject the null hypothesis as it addresses aboveground biomass; sedimentation 
deposited onto Louisiana’s coastal salt marshes by hurricanes Gustav and Ike 
stimulated aboveground biomass (g m-2) (p=0.0002), though there seemed to be a 
threshold of sediment thickness, greater than that which was deposited at Old Oyster 
Bayou (>24 mm), that needed to be met before stimulation could occur.  I accept the 
null hypothesis in regards to stem density.  Stem density increased 10% more at Blind 
Lagoon, the site receiving the least amount of sediment, than it did at Cocodrie, the site 
receiving the thickest deposition of sediment. 
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 3.2.2. Belowground Biomass 
Live Belowground Biomass 
 No significant differences in live belowground (LBG) biomass (g m-2) were 
detected among sites for either Fall 2008 or Spring 2008 (Figure 3.8).   Although LBG 
biomass did increase slightly at all sites between Fall 2008 and Spring 2009, these 
changes were not statistically significant (Figure 3.8).    
 
 
Figure 3.8 Live Belowground Biomass (g m
-2
); depicted as mean ± 1 Std. error.   Different letters indicate 
significant difference of means; ANOVA, α=0.05: minimum confidence interval 
 
Dead belowground biomass  
 The amount of dead belowground (DBG) biomass (g m-2) did not differ significantly 
among sites in Fall 2008.  However by Spring 2009 there were significant differences in 
DBG biomass among sites, (p=0.003).  All sites experienced increases in DBG (Figure 
3.9).  Between Fall 2008 and Spring 2009, CO saw a 44% increase in DBG (468.50 ± 
128.12 g m -2), (p=0.013), OB a 21% increase (174.52 ± 56.38 g m-2), (p=0.004), and BL 
increased by 57% (1246.83 ± 289.13 g m-2), (p=0.004).   
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Figure 3.9 Dead Belowground Biomass (g m
-2
); depicted as mean ± 1 Std. error.   Different letters indicate 
significant difference of means; ANOVA, α=0.05: minimum confidence interval 
 
 
 
Total belowground biomass 
 In Fall 2008 there were no significant differences in the amount of total 
belowground (TBG) biomass (g m-2) among sites.  However, by Spring 2009 there were 
significant differences in TBG biomass among sites, (p=0.008).  This difference was 
driven by an increase in TBG biomass at the BL site, which saw a net gain of 1477.51± 
328.49 g m-2.  By Spring 2009 BL had 41% more TBG biomass than CO and 62% more 
TBG biomass than OB.  Figure 3.10 illustrates fall to spring change in all portions of 
belowground biomass. 
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Figure 3.10 Belowground biomass change Fall 2008 to Spring 2009.  Presented as total  
belowground (TBG), live belowground (LBG), and dead belowground (DBG) biomass (g m
-2
). 
 
H3 Hypothesis 
 Hypothesis three supposed that hurricane-induced sediment deposition would 
negatively affect belowground biomass.  However, the results presented here show no 
decline in any portion (live, dead, or total) of the belowground biomass post-deposition 
at any of the three sites.  Therefore I accept the H3 null hypothesis.  Total and dead 
belowground biomass was found to either increase over time at each site or to remain 
unchanged.  Thus no negative effects were observed in the belowground portion of the 
biomass in response to hurricane sedimentation.   
   
3.2.3.   Root and Rhizome to Shoot Ratio 
  Mean root and rhizome/shoot ratios (R&R/S) were determined by dividing 
mean live, dead and total belowground biomass (g m-2) by mean live, dead and total 
aboveground biomass (g m-2).   
 
Live Root and Rhizome to Shoot Ratio 
 There were no significant differences in the ratio of live roots and rhizomes to live 
shoots (live R&R/S) among or within sites over the sampling period. 
 
 
 
34 
Dead Root and Rhizome to Shoot Ratio 
 No significant differences in dead root and rhizome to shoot ratios (dead R&R/S) 
were detected among sites in Fall 2008.  However, by spring 2009 there were 
significant differences in dead R&R/S ratios among sites (p=0.0002).  A significant 
decline in the dead R&R/S occurred at CO (p=0.04), where DBG biomass (g m-2) 
increased by 44% as DAG biomass (g m-2) increased by 62%.  At BL the significant 
increase in dead R&R/S was attributable to a 57% increase in DBG biomass occurring 
along with an 89% decline in DAG biomass detected at BL (p= 0.01). 
 
Total Root and Rhizome to Shoot Ratio 
 There were no significant differences in total root and rhizome to shoot (total 
R&R/S) ratios among sites in Fall 2008.  However, significant differences in total R&R/S 
ratios were detected among sites by Spring 2009 (p=0.0001).  There was a significant 
increase in the total R&R/S at both OB (p=0.03) and BL (p=0.04). This significant 
change in the ratio of total roots and rhizomes to total shoots at Blind Lagoon is a result 
of significant increases in TBG biomass occurring concomitantly with decreases in TAG 
biomass.  Ratio changes at Oyster Bayou reflect a decline in LAG biomass (g m-2) and 
an increase in DBG biomass (g m-2), and although these biomass changes were not 
significant as such the proportion of total belowground to total aboveground changed 
significantly.  Root and rhizome to shoot ratios are given in Table 3.3. 
 
H4 Hypothesis 
 I expected that storm sedimentation from Hurricanes Gustav and Ike would 
provide valuable plant nutrients and a relatively more favorable soil environment.  That 
being the case I anticipated that Spartina alterniflora would respond by allocating more 
of their energy into growth of aboveground tissue while belowground tissue production 
would decline.  Hypothesis four supposed that: Hurricane-induced sediment deposition 
decreases root-to-shoot ratios.  My data, however, does not support this hypothesis and 
as such I accept the null hypothesis.  Sedimentation resulting from Hurricanes Gustav 
and Ike did not decrease root-to-shoot ratios.    
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Table 3.3 Mean live, dead and total root and rhizome to shoot ratios (n=5).  Different letters indicate 
significant difference of means; ANOVA, α=0.05. 
Live R&R/S ratio 
  CO OB BL 
Fall 2008 0.46  ± 0.10a 0.29 ± 0.34a 0.54 ± 0.22a  
Winter 2009 1.10 ± 0.36ab  1.41 ± 0.15ab 
Spring 2009 0.47 ± 0.12a 0.89 ± 0.27a 0.79 ± 0.11a 
Dead R&R/S ratio 
  CO OB BL 
Fall 2008 1.67 ± 0.58ab 0.54 ± 0.07a  0.66 ± 0.16a 
Winter 2009 0.87 ± 0.28a  1.58 ± 0.25b 
Spring 2009 0.50 ± 0.10a 0.69 ± 0.15a 2.89 ± 0.72c 
Total R&R/S ratio 
  CO OB BL 
Fall 2008 0.83 ± 0.20ab 0.43 ± 0.04a 0.64 ± 0.17ab 
Winter 2009 0.90 ± 0.28ab  1.53 ± 0.22c 
Spring 2009 0.49 ± 0.08a 0.67 ± 0.08b 1.70 ± 0.31c 
 
 
3.3 Marsh Soil Properties 
 Although marsh soil properties were analyzed at the CO site exclusively two soil 
cores were obtained with a Russian peat corer at each of the sites (CO, OB, and BL) in 
Fall 2008.  In view of the fact that there were not enough observations to analyze, 
statistical analysis was not performed on these cores.  Instead they were used to 
determine soil bulk density and percent organic matter at each site for comparative 
purposes.  Soil properties by site comparisons are shown in Figures 3.11 and 3.12 
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Figure 3.11 Soil bulk density (g cm
-3
) at CO, OB, and BL (n=2 per site). Cores obtained at Cocodrie on 
9/25/08, Old Oyster Bayou on 10/10/08, and Blind Lagoon on 10/27/08.   
  
 
 
Figure 3.12 Soil organic content (%) at CO, OB, BL (n=2 per site). Cores obtained at Cocodrie on 
9/25/08, Old Oyster Bayou on 10/10/08, and Blind Lagoon on 10/27/08.   
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 3.3.1. Bulk Density  
  Soil properties, including soil bulk density (g cm-3), were analyzed over time 
at the Cocodrie site only.  Soil horizons were grouped into: 0-6 cm, 6-10 cm, 10-20 cm, 
20-30 cm, 30-40 cm and 40-50 cm vertical horizons.  Soil bulk densities within the top 4 
vertical horizons (0-30 cm depth) did not change significantly from Fall 2008 to Spring 
2009.   Bulk densities of soil 30-40 cm below the marsh surface increased significantly 
from Fall 2008 to Winter 2009 (increasing from .19 ± 0.01g cm-3 to .23 ± 0.01 g cm-3), 
(p= 0.02) and again from Winter 2009 to Spring 2009 (from 0.23 to 0.30 ± 0.01 g cm-3) 
(Figure 3.13). 
 
 
Figure 3.13 Mean soil bulk density (g cm
-3
 ± 1 Std. error) by depth at Cocodrie; (n=10 per season). 
 
3.3.2. Organic Matter Content (by weight) 
 Soil organic matter content (SOM) (%) was determined as a percent by weight of 
the soil horizons used in bulk density analysis (section 3.2.1).  The SOM (%) within the 
top 6 cm of the marsh at CO did not change significantly from Fall 2008 to Winter 2009.  
However, a 4.26% decline in the mass of SOM in the top 6 cm of soil occurred from Fall 
(October) 2008 to Spring (April) 2009 was determined to be significant (p= 0.04). The 
percentage of soil organic matter (% g cm-3) contained in each horizon did not change 
significantly below the 6 cm depth (7-50 cm) over the sampling period (Figure 3.14). 
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Figure 3.14 Soil organic matter content (% ± 1Std. error) by depth at Cocodrie (n=10 per season). 
 
3.3.3. Root and Rhizome Volume 
 The volumetric contribution of roots and rhizomes (cm-3) in the top 5 cm of marsh 
soil was determined at the Cocodrie site only.  Root and rhizome (R&R) volume 
changed significantly over time.   The volumetric contribution of R&R’s increased from 
1.63% ± 0.23% of the soil volume to 3.53 ± 0.32% from Fall 2008 to Winter 2009, 
(p=0.0002) (Figure 3.15).  Yet, from Winter 2009 to Spring 2009 there was a significant 
decline (1.42%) in the contribution of R&R to the soil (p=0.006).   The volume of mineral 
matter increased from fall to spring (Figure 3.16). 
 
 
 
Figure 3.15 Percent by volume of organic matter, mineral matter, and pore space in the top 5cm of soil at 
Cocodrie. (n=5 per sampling session). 
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Figure 3.16 Organic (OM) and Mineral (MM) matter volume (cm
3
) in the top 5 cm of soil at Cocodrie. (n=5 
per sampling session). 
  
 
H5 Hypothesis 
The goal of my final hypothesis was to determine if a relationship existed 
between the sediment deposited on the marsh surface by Hurricanes Gustav and Ike 
and the volumetric contribution of root and rhizomes within the upper layers (top 5 cm) 
of the rhizosphere.   I expected that sediment deposition would decrease both the mass 
(see Hypothesis 2) and the volume of belowground biomass.  Thus H5 stated: 
Hurricane-induced sediment deposition will decrease the volumetric contribution of roots 
and rhizomes to marsh soils.  The data presented above suggest that hurricane 
sediment deposition may have instead increased the volumetric contribution of roots 
and rhizomes to marsh soil. 
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Chapter Four: Discussion 
   
 4.1 Hurricane Sedimentation 
 Although sedimentation by Hurricanes Gustav and Ike was tested as separate 
events at the Cocodrie site only, water level data, obtained from tide gauges near each 
site allowed me to determine peak storm surge, rate of water level rise and recession as 
well as the duration of water level rise and water recession for each storm and site 
(Table 4.1).  This data provides an opportunity to explain the possible mechanisms 
behind the differences in sedimentation among sites.     
    Hurricane Gustav moved through the Gulf of Mexico more quickly than Hurricane 
Ike, and, as a result, water levels near all three study sites rose more rapidly with the 
passage of Gustav than with Ike (Figure 4.1).  Gustav passed to the east of OB, directly 
over CO, and west of BL (Figure 2.1).  Water levels on the eastern track of hurricanes 
are typically set up by counter-clockwise winds, while water levels on the western side 
of the track are typically set-down, and, as a result, storm surge associated with Gustav 
was highest near BL and lowest near OB.  Water levels at OB, west of Gustav’s track, 
did surge briefly to 1.86 meters above mean sea level, approximately 12 hours prior to 
the landfall of Hurricane Gustav (Table 4.1).   This surge was both rapid and brief and I 
expect that a surge with such high energy was likely not depositional.  So it is unlikely 
that deposition occurred at Old Oyster Bayou as a result of Gustav.  Water levels 
receded rapidly at BL after the passage of Gustav, while water level remained elevated 
above normal for approximately 54 hours at CO.       
    In contrast to Gustav, Hurricane Ike passed slowly through the Gulf, and though 
the storm made landfall over Galveston Island, Texas, all three of these study sites 
were affected by Ike’s storm surge.  The storm surge caused by the passage of Ike was 
greatest near the OB site, which was located closest to the center of the storm, and 
lowest near BL, which was the farthest site from the storm’s path.  Ike’s surge was 
greater at CO and OB than the surge associated with Gustav at these sites, while at BL 
water levels rose higher with the nearby passage of Gustav.  Ike’s storm waters 
receded more slowly than Gustav’s water levels at OB and BL, while water levels near 
CO remained elevated longer post-Gustav than post-Ike.  Although these storms were 
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both listed as Category 2 hurricanes, they left very different depositional fingerprints at 
each of these coastal Louisiana sites.    
 
Figure 4.1 Hourly water levels (meters above mean sea level) for each study site during the 
passage of Hurricanes Gustav and Ike.   
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Table 4.1 Water level parameters associated with the passage of hurricanes Gustav and Ike.  Data was 
obtained from: Louisiana Universities Marine Consortium LUMCON Weather station
1
, Louisiana 
Department of Natural Resources Coastal Reference and Monitoring site #302
2
 and the National Oceanic 
and Atmospheric Administration’s Center for Operational Oceanographic Products & Services (CO-OPS) 
National Ocean Service (NOS) Shell beach station #876105
3
  
 
Site  Accretion 
(mm)  
Hurricane peak 
water 
level 
(cm) 
mean rate of 
water level 
rise (cm/hr) 
duration 
of water 
level 
rise (hr) 
mean rate of 
water level 
fall (cm/hr) 
duration 
of water 
level  
fall (hr) 
CO1 35.33 ± 12 
Gustav 199.50 26.29  ± 9.00 8 3.03  ± 0.65 46 
Ike 244.10 5.07 ± 0.86 32 3.62 ± 0.37 38 
OB2 24.00 ± 3 Gustav 186.23 
24.33 ± 
12.47 4 12.60 ± 2.99 6 
Ike 257.25 11.41 ± 1.57 14 5.28 ± 2.06 29 
BL3 8.74 ± 2 
Gustav 284.70 11.38 ± 2.26 20 9.77 ± 2.11 22 
Ike 201.60 4.10 ± 1.02 32 4.31  ± 7.18 40 
 
 It is possible that a slow rate of water recession would allow for the deposition of 
suspended sediments that might otherwise remain suspended in more rapidly moving 
waters.  I suggest that due to the fact that water levels receded much slower after the 
passage of Ike than with Gustav that Hurricane Ike was a more depositional storm 
overall.  The sedimentation observed at the OB site was likely driven entirely by the 
western passage of Hurricane Ike and not by Gustav, which passed east of this site.  I 
also suspect that the site at Cocodrie experienced more sedimentation from Gustav 
than did either of the other sites due to the fact that Gustav’s storm waters receded very 
slowly from this site.   
 The smaller depth of sediment deposited at Blind Lagoon was likely a function of 
the site’s proximity to the two storm tracks.  The BL site was located much farther away 
from either storm’s path than were CO or OB.   As a result, the rate of water level rise 
was much slower at this site than it was at either of the other sites.  In addition to the 
physical parameters of these storms, additional factors, such as local sediment 
availability, marsh elevation, and topography, would also have affected sedimentation at 
these sites.         
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 By measuring sedimentation independently as well as collectively, I was able to 
observe changes in accretion (mm) over time.  Average accretion at Cocodrie from 
Hurricane Gustav, measured eight days after the storm’s passage, was 19 mm.  
Accretion from Hurricane Ike, measured 72 days after the storm’s passage, was 26 mm; 
thus one would expect the total (Gustav + Ike) storm deposition to be roughly 45 mm.  
Yet, combined Gustav and Ike accretion averaged just 35 mm, suggesting compaction 
of material.  The consistency of the hurricane layer was observed to have changed from 
mid-September to late November, as was noted by numerous failed attempts to 
measure hurricane accretion shortly after deposition.  What was found in these early 
attempts was that the layer of hurricane sediment was easily recognizable but difficult to 
measure as a vertical soil layer.  This was due to the fact that the material was semi-
fluid and unconsolidated in comparison to the underlying soil (see figure 4.2 below).    
 
 
Figure 4.2 Storm sediment bulk density (g cm-3) and soil organic matter content (%), from CO site; depicted 
as mean ± 1 Std. error, n=2. 
 
 
Turner et al. (2007) found that changes arising from sediment compaction may blur, or 
erase, variations in accumulation occurring after deposition.   If the vertical depth 
occupied by newly deposited sediment changes over time due to the tendency of 
sediments to desiccate and compact then measuring storm deposition via accretion 
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(mm) is a misleading measurement.   Although accretion may vary temporally, mass 
should remain constant.  Therefore measuring the mass of material accumulated is a 
much more useful metric than measuring accretion (mm). 
  In order to determine the accumulated mass (g cm-2) of sediment deposited at 
Cocodrie I multiplied the depth of sediment (cm) by the sediment bulk density (g cm-3).  
The mass of material deposited by Hurricane Gustav at CO was 0.28 g cm-2 and that of 
Gustav and Ike combined was 0.55 g cm-2.  This accumulation of sediment is within the 
range of the mass of sediment accumulated both on Big Branch Marsh (0.5 g m-2) which 
was impacted as Hurricane Katrina passed to the east of the marsh in August 2005 
(McKee and Cherry 2009), as well as the mass of sediment deposited at Jug Lake (0.55 
g m-2) which was impacted by the passage of Hurricane Andrew to the west of the 
marsh in August 1992 (Cahoon et al. 1995). A summary of hurricane sediment 
characteristics is listed in Table 4.2.    
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Table 4.2 Summary of hurricane sediment characteristics.  Data sources include this study
1
, McKee and 
Cherry 2009
2
, Turner et al. 2006
3 
and Cahoon et al. 1995
4
.
  
Hurricane Location 
Accretion 
(cm) 
Bulk 
Density 
(g cm -3) 
Mass 
accumulation 
(g cm -2) 
Organic 
Content 
(%) 
Source 
Gustav Cocodrie, LA. 1.9 0.15 0.28 18 1 
Ike Cocodrie, LA.  2.6 n/a n/a n/a 1 
Gustav + Ike  Cocodrie, LA. 3.5 0.16 0.55 14 1 
Katrina Pearl River WMA, 
LA.  
8.2 1.40 11.50 2 2 
 Big Branch NWR, 
LA. 
2.8 0.20 0.50 28 2 
Katrina + 
Rita 
Coastal LA & east 
TX.  
5.2 0.37 2.23 n/a 3 
Andrew Jug Lake, LA.  0.1 0.15 0.55 n/a 4 
 Old Oyster Bayou, 
LA.  
1.9 0.76 0.91 5 4 
   
 
4.2 Aboveground Plant Response 
 The response of the Spartina alterniflora to hurricanes Gustav and Ike was 
observed from September 2008 to April 2009.  Seasonal growth patterns of Spartina 
alterniflora in the Cocodrie area were documented by Darby and Turner (2008a) who 
found that live aboveground (LAG) biomass is lowest in early spring (March) at the start 
of the growing season and peaks in fall (September).  Because biomass sampling for 
this project began in late September 2008, a time which should coincide with peak 
mass,  and ended in early spring, a low biomass month, I would expect to have 
observed a decline in live aboveground biomass, attributable to seasonal variation, at 
sites that were unaffected by hurricane sedimentation.  I did observe declines in LAG 
biomass consistent with seasonal variation at the OB site, the site receiving ~24 mm of 
storm sedimentation.    While at the CO site LAG biomass declined as expected from 
fall to winter, yet by spring, when live aboveground biomass should have been at its 
lowest, biomass was significantly higher than it had been the previous fall.   Thus it 
appears that live aboveground biomass responded positively to hurricane sedimentation 
when the sediment depth was greater than 24.00 ± 3 mm.   It might be that a 
significantly thick layer of hurricane sediment may benefit subsiding coastal marshes by 
stimulating aboveground biomass. This is consistent with the findings of Mendelssohn 
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and Kuhn (2003) who examined the effects of a sediment slurry spill that deposited a 
layer of sediment up to 60 cm deep onto a rapidly subsiding marsh near Venice, 
Louisiana.  Two years post-spill they found that vegetative cover and plant biomass 
were higher at marshes receiving sediment than at reference marshes and that the 
degree to which these growth factors increased was a function of the sediment 
thickness, such that, as sediment thickness increased so did aboveground biomass.  
Thus, it appears that the marsh response to hurricane sedimentation, identified in this 
study, is consistent with marsh response to artificially applied sediment.   
 A comparison of results from similar studies is compiled in Table 4.3.  Although all 
of the studies included in this table (this study; DeLaune et al., 1990; and McKee and 
Cherry, 2009) described increases in live aboveground biomass after the deposition of 
similar masses of material (0.55, 0.47, and 0.5 g cm-2, respectively) the magnitude of 
differences among plant characteristics among studies are large.  I anticipate that the 
differences among stem densities and stem heights, as well as differences in the 
amount of live aboveground biomass, reported in this table are likely a result of 
differences in plant community structure (McKee and Cherry, 2009) and sampling 
season (DeLaune et al. 1990).       
 
Table 4.3 Summary of marsh characteristics post-deposition. Data sources include this study 
1
, McKee 
and Cherry 2009 
2
 and DeLaune et al. 1991 
3
.  Plant communities dominated by Spartina alterniflora*, 
mixed plant community** (75% S. patens, 25% S. americanus) 
Location                          
Deposition 
event 
 
Sediment 
thickness 
(cm) 
Sediment 
mass 
accumulated 
 (g cm
-2
) 
month; 
time since 
deposition 
(# months) 
stem  
density 
(# m
-2
) 
stem 
height 
(cm) 
 
Live    
aboveground 
biomass  
(g m
-2
) 
Cocodrie
1*
 Gustav & Ike 3.5  0.55 April; 6  858 60 1429 
O.Oyster
1*
 
Bayou 
Gustav & Ike 2.4  n/a April;  6  688 36 402 
Blind 
Lagoon
1*
 
Gustav & Ike 0.87  n/a April; 6  1283 30 926 
Big 
Branch
2**
  
Katrina 2.8  0.50 April; 7 n/a n/a 284 
Barataria 
Bay
3*
 
manual   4 to 6  0.47 
November; 
5  
1104 41 4288 
Barataria 
Bay
3*
 
manual  8 to 10  0.94 
November; 
5  
1200 41 5888 
 
 It seems likely that the depth of sedimentation and not the timing (or season) of 
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deposition determines the magnitude of the plant response.  Mendelssohn and Kuhn 
(2003 and Slocum et al., 2005) tracked the response of a Spartina alterniflora to 
deposition that occurred in January and determined plant response to be both positive 
and long term (where deposition was sufficiently thick; 5-12 cm).  Whereas DeLaune et 
al. (1990) reported increased total aboveground biomass in November, just five months 
after an early summer (June) deposition and found that where sedimentation was the 
thickest (8-10 cm) aboveground biomass was greatest.  The research presented here 
found that Spartina alterniflora responded rapidly (early the next growing season, ~7 
months) to fall hurricane-induced deposition that was greater (on average) than 2.4 cm 
thick.   While the afore mentioned studies by Mendelssohn and Kuhn 2003 and 
DeLaune et al., 1990 found positive plant responses to sediment deposition which 
occurred in winter and summer respectively.  Thus supporting the hypothesis that the 
timing or season of deposition does not drive plant response.  Therefore I expect that 
the timing of hurricane sedimentation did not control the positive plant response but that 
the depth of sedimentation was the driving factor. 
     Dead aboveground biomass was much lower at Cocodrie (451 g m-2) during the 
baseline measurements (late September) than it was at either Old Oyster Bayou (1236 
g m-2) or Blind Lagoon (1568 g m-2) .  Movement of senescent and dead biomass out of 
a marsh is likely facilitated by rapidly elevated water levels and hurricane force wind 
energy, which would serve to lift and redistribute unrooted mass.  Fall stem heights 
ranged from a low of ~36.4 cm above the marsh surface at BL to a high of ~66.2 cm 
above the marsh surface at CO (Table 3.2), while peak surges ranged from ~199 cm 
above mean sea level to ~284 cm above mean sea level (Table 4.1) indicating that 
water levels would have exceeded mean stem height at all sites during both storm 
events. Thus if only submergence were a factor in moving standing dead or senesced 
biomass out of a marsh this was achieved at all sites.  Maximum wind speeds 
associated with the passage of a hurricane are typically greatest close to and to the 
right of the hurricane’s eye (Dingler et al. 1995).  The proximity of the CO site to 
Gustav’s track likely resulted in higher wind speeds felt at this site than those felt at 
either OB or BL. These high wind speeds might have worked in concert with high surge 
levels to move senesced and dead biomass out of the CO marsh site.  
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4.3 Belowground Plant Response 
 The belowground (root and rhizome) response of marsh plants to storm or 
artificially supplied sedimentation has not been well documented.  Darby (2006) tracked 
the seasonal variability and response of Spartina alterniflora to nutrient addition by 
monitoring above and belowground biomass monthly at an experimental site in 
Cocodrie.  Darby found that live and dead belowground biomass peaked first in spring 
(March), just prior to the peak in aboveground biomass and a second peak occurred in 
fall (September).  Furthermore, she found that plant response to nutrient fertilization 
treatments indicated that the addition of phosphorous decreased root production, while 
the addition of nitrogen stimulated aboveground production.   
 I supposed in hypothesis three (section 1.5) that belowground biomass would 
decline in response to hurricane sedimentation, based on the assumption that 
sediments would provide valuable plant nutrients to the soil that would alleviate some of 
the plant’s needs for foraging roots.  What I found, however, was no apparent fall to 
spring change in live belowground biomass at any of the three sites and a significant 
increase in the dead portion of belowground biomass at all sites from October 2008 to 
April 2009.   Thus, the response of the dead belowground biomass was determined to 
be inconsistent with the seasonal variation described by Darby (2006).   Dead biomass 
did not decline in winter and peak again in early spring as expected, but instead was 
observed to increase from October to January and continue this trend into the early 
spring.  In contrast, live belowground biomass (LBG) may have responded more 
consistently with the seasonal variation described by Darby at the CO site.   A 
significant decrease in the LBG biomass was observed at CO from October to January, 
followed by a subsequent increase in LBG biomass at CO from winter to spring, 
bringing spring LBG biomass levels to within range of Fall LBG biomass levels at this 
site suggesting that a peak in live belowground biomass may have occurred in both 
spring and fall.  With only October and April data available from Oyster Bayou, I am 
unable to infer whether these two sampling sessions represent peak belowground 
productivity.   And although these results allowed me to accept that sedimentation from 
Hurricanes Gustav and Ike did not decrease belowground productivity these results lead 
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to questions of the temporal scale of belowground response.  Turner et al. (2004) 
investigated belowground biomass in healthy and impaired salt marshes in south 
Louisiana and concluded that root production and decomposition may occur more 
rapidly than aboveground production and decomposition.  In addition, Turner and Darby 
(2008b) suggested that belowground responses may be immediate and may produce a 
disproportional change in belowground/aboveground biomass ratios.   The translocation 
of nutrients from senescing leaves and shoots to belowground roots and rhizomes can 
be inferred by tracking seasonal changes in live biomass, however, the sampling 
frequency must be able to detect when the translocation of nutrients occurs (Darby and 
Turner, 2008a).  This leads me to conclude that utilizing the same (three month) 
seasonal sampling interval belowground as I did aboveground may have been an 
ineffectual method of monitoring belowground response to hurricane sedimentation.  
Therefore, I suggest that a more appropriate sampling interval to track responses of 
belowground biomass would be monthly.    
 
4.4 Marsh Soil Response 
 Ford et al. (1999) tracked the response of coastal Louisiana salt marshes to 
dredged sedimentation.  After spraying ~2.3 cm of dredged sediment onto a marsh near 
Venice, Louisiana they found that soil bulk density and soil organic content (% by 
weight) increased by the end of the first growing season.  The increase in organic 
matter content was attributed to root colonization in the newly deposited sediment 
horizon.  In contrast, research results from Cocodrie indicated that soil bulk density did 
not change significantly post hurricane-deposition and that soil organic content (% by 
weight) declined in the top 5 cm of the marsh soil post-hurricane sedimentation.  
Although I observed that the percentage by weight of organic matter declined in the top 
5 cm of soil, the volumetric contribution of organic matter (% by volume) increased from 
October 2008 to January 2009 and then subsequently declined to near fall levels by 
April 2008 (Figures 3.15 and 3.16).  Thus indicating that the volume of organic matter 
changed rapidly in response to hurricane sedimentation, once again affirming assertions 
made by Darby and Turner (2008b) that the belowground response of Spartina 
alterniflora occurs immediately after stimulus.  In the case of Darby and Turner the 
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stimulus was nutrient addition, and in this case it is hurricane sedimentation.   
 The volumetric contribution of mineral matter (cm3) in the top 5 cm of soil at 
Cocodrie increased slightly from Fall 2008 to Spring 2009 (Figure 3.16).  I expect that 
initially this increase was likely due to the gradual de-watering of the hurricane 
sediment.  However, the continual increase in the proportion of space occupied by 
mineral matter was most likely due to additional deposition events, such as winter 
storms (Reed 1989).  Water level data was obtained from the Louisiana Universities 
Marine Consortium (LUMCON) tide gauge (located less than 0.5 km from the Cocodrie 
site) for the duration of this study (Figure 4.3).  It is possible that high water levels 
(water levels elevated ≥ 2.3 feet above mean low low water), may have provided some 
additional mineral sediment to the marsh at Cocodrie (Figure 4.3).    
 
Figure 4.3 Water level (meters above mean low low water) at CO site, August 15, 2008-April 15, 2009.  
Hurricanes Gustav and Ike and subsequent high water events labeled.   High water events (water level >.7 m) 
labeled: A) Oct. 15-17, B) Nov. 14th C) March 26th, D) April 1st.    
 
 Measurements of organic matter density obtained during this study ranged from 
0.84 ± 0.07 to 1.29 ± 0.20, did not change significantly over the course of the study, and 
were in range with those determined by Gill in the Cocodrie area (2006).  Utilizing a 
pycnometer to obtain measurements of organic matter density is a very simple and 
effective method of determining the density of the roots located within the site where 
responses are being measured.   Other research suggests that it is organic matter 
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accumulation (g cm-3) and not mineral matter accumulation (g cm-3) that controls marsh 
soil formation (Nyman et al., 1990; Nyman and DeLaune, 1991; Nyman et al. 1993; 
Nyman et al. 2006).  However, these researchers all estimated the volume of soil 
organic matter by utilizing a single value for organic matter density (1.14 g cm-3; 
obtained by DeLaune et al., 1983).  This value for organic matter density was obtained 
via the pycnometer method from soil samples taken from an entirely different region of 
the state and, in some cases, from marshes that had different plant community 
structures than those being studied.  I suggest that utilizing a pycnometer to obtain root 
density is a more appropriate method of determining the volume of soil occupied by 
organic matter.   In addition, monitoring volumetric contributions (cm3) of soil organic 
and mineral matter, rather than mass measurements (g cm-3), is a more appropriate 
technique for determining the importance of each of these components to marsh soil 
formation.  After all, it is the volume of the marsh soil and not the mass that determines 
whether the marsh is keeping pace with sea-level.      
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Chapter Five: Summary and Conclusion 
 
 Although the impacts of hurricanes on coastal wetlands are often construed as 
destructive, this research has described some important positive impacts of hurricane 
sedimentation.  Hurricane sedimentation contributes directly to marsh vertical accretion  
by adding a layer of sediment to the marsh surface.  This is critical because high rates 
of relative sea level rise (RSLR) due to rapid subsidence of sediments (Reed and Yuill, 
2009; Tornqvist et al., 2006) may lead to the submergence and eventual mortality of 
wetland vegetation, which can occur as toxic sulfides accumulate in anoxic soils 
(Mendelssohn et al. 1981; Koch et al., 1990).  However, the increase in marsh surface 
elevation provided by newly deposited hurricane sediment is unlikely to be equal to 
marsh elevation change over time, due to the tendency of sediments to dessicate and 
compact.  Yet, marsh elevation is also likely to be positively influenced by the response 
of marsh vegetation to hurricane sedimentation.  Results of this study indicated that 
hurricane sedimentation stimulates both aboveground biomass production as well as 
the volumetric contribution of roots and rhizomes in the soil.  If the mass of 
aboveground organic matter and the volume of the belowgound vegetation are 
stimulated by hurricane sedimentation, then this may positvely influence marsh soil 
formation.  Other studies suggest that organic matter accumulation and not mineral 
sedimentation controls marsh soil formation (Nyman et al., 1990; Nyman and DeLaune, 
1991; Nyman et al. 1993; Nyman et al. 2006).  By stimulating organic matter production 
and increasing the volumetric contribution of soil organic matter, hurricanes could 
further contribute to marsh sustainability.  In order to highlight these positive impacts, I 
have modified the conceptual diagram of marsh response to hurricane sedimentation 
(Figure 5.1) which was proposed in Chapter 1, Figure 1.1. 
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Figure 5.1 Conceptual diagram of marsh response to hurricane sedimentation (Figure 1. re-visited) 
 
Thus, the research presented here concluded that: 
 Hurricane sedimentation has a positive effect on aboveground biomass, however, 
a sediment thickness threshold must be met before positive responses are 
expressed.   
 Hurricane sedimentation has a positive effect of the volumetric proportion of 
mineral soil by providing a new layer of mineral sediment to the marsh surface. 
 Hurricane sedimentation also has a positive effect on root and rhizome volume by 
increasing, at least temporarily, the volume of roots and rhizomes in the upper 
reaches of the soil. 
 Future research should elucidate of the temporal variability of the belowground 
biomass response to hurricane sedimentation.  The investigations of Darby and Turner 
(2008 a & b) indicated that the belowground biomass response is likely to be rapid and 
disproportional to the aboveground plant response.  Thus more frequent sampling of 
roots and rhizomes might allow us to answer to the question of how the belowground 
portion of Spartina alterniflora responds to hurricane sedimentation.     
 In addition, a multi-year post-hurricane sedimentation analysis could investigate 
whether the sediment-stimulation response described here has a significant effect on 
soil organic and mineral matter volume in the long-term.    
   Finally, though Spartina alterniflora is the dominant marsh macrophyte at these 
three sites, there are other important salt marsh plant species that grow along the coast 
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of Louisiana.  Utilizing root density measurements, future investigations could determine 
volumetric changes in belowground biomass and soil organic and mineral matter 
content to gauge response of other salt marsh species, to hurricane sedimentation. 
 One inherent obstacle of studying the vegetative response to hurricane 
sedimentation is the lack of pre-storm data.  However, by investigating the response of 
vegetation across a spatial (and therefore, depositional) gradient the research 
presented here compensated as much as possible for this deficiency.  Another such 
difficulty inherent in tracking plant response to hurricane sedimentation is that events, 
such as the winter storms mentioned in section 4.4, may influence plant growth and 
response.  Despite the difficulty inherent in studying hurricanes, these storms are 
natural, dynamic components of our coastal system.  As such, it is critical that we 
understand both the destructive and the constructive potential of hurricanes and their 
influence on marsh sustainability.   
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Appendices 
 
 
Average live aboveground biomass (g m-2); (mean ± 1 Std. error, n=5). Different letters indicate 
significant difference of means; ANOVA, α=0.05. 
Live Aboveground Biomass (g m-2) 
Site Fall  Winter  Spring 
Cocodrie 939.36 ± 143.24a 315.14 ± 61.56b 1428.67 ± 186.31c 
Oyster Bayou 946.88 ± 74.77a   401.95 ± 80.48d 
Blind Lagoon 896.64 ± 117.95a 423.01 ± 42.35d 925.76 ± 53.06a 
 
Average dead aboveground biomass (g m-2); (mean ± 1 Std. error, n=5).  Different letters 
indicate significant difference of means; ANOVA, α=0.05 
Dead Aboveground Biomass (g m-2) 
Site Fall  Winter  Spring 
Cocodrie 450.67 ± 48.70a 1389.38 ± 201.59b 2319.57 ± 269.89e 
Blind Lagoon 1568.32 ± 184.36d 1045.86 ± 77.71b 827.84 ± 95.82c 
 
 
Average total aboveground biomass (g m-2); (mean ± 1 Std. error, n=5).  Different letters 
indicate significant difference of means; ANOVA, α=0.05). 
Site Fall  Winter  Spring 
Cocodrie 1493.01 ± 139.12a 1704.51 ± 255.72ab 3748.24 ± 408.16c 
Oyster Bayou 2183.63 ± 185.80d n/a 1682.94 ± 165.50b 
Blind Lagoon 2464.96 ± 275.51d 1468.86 ± 117.68a 1753.6 ± 71.86b 
 
 
Average live belowground biomass (g m-2); (mean ± 1 Std. error, n=5), (Different letters indicate 
significant difference of means; ANOVA, α=0.05).  
Live Belowground Biomass 
Site Fall  Winter  Spring 
Cocodrie 530.71 ± 99.30a 273.47 ± 83.72b 669.67 ± 140.97a 
Oyster Bayou 272.37 ± 43.22b n/a 273.36 ± 31.47b 
Blind Lagoon 486.14 ± 91.20a 575.73 ± 42.15a 716.82 ± 87.23ac 
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Average dead belowground biomass (g m-2); (mean ± 1 Std. error, n=5), Different letters 
indicate significant difference of means; ANOVA, α=0.05. 
Dead Belowground Biomass (g m-2) 
Site Fall  Winter  Spring 
Cocodrie 585.50 ± 147.38a 1115.71± 339.43b 1054.00 ± 165.49b 
Oyster Bayou 637.67 ± 28.72a   812.19 ± 98.35b 
Blind Lagoon 948.20 ± 145.73ab 1571.59 ± 93.31bc 2195.03 ± 400.77d 
 
 
Average total belowground biomass (g m-2); (mean ± 1 Std. error, n=5), Different letters indicate 
significant difference of means; ANOVA, α=0.05. 
Total Belowground Biomass (g m-2) 
Site Fall  Winter  Spring 
Cocodrie 1102.77± 191.20ab 1389.19 ± 417.62a 1723.67 ± 273.67a 
Oyster Bayou 910.04 ± 32.10b n/a 1085.55 ± 85.15bbc  
Blind Lagoon 1434.34 ± 220.37ab 2147.32 ± 86.36d 2911.85 ± 405.15e 
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